A 16-year-old boy with Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis (HLH) underwent allogeneic hematopoietic stem cell transplantation after conditioning with fludarabine, melphalan, total body irradiation, and rabbit antithymocyte globulin (ATG). A severe, persistent infusion reaction occurred after the initial administration of ATG. Investigations showed a rapid increase in the levels of liver enzymes and ferritin, and the reactivation of HLH was confirmed by marked hemophagocytosis in the bone marrow. Treatment with pulse glucocorticoid therapy resulted in the improvement of HLH. This is the first case of HLH reactivation triggered by ATG. Physicians should therefore be cautious of HLH reactivation, especially when a severe and prolonged infusion reaction occurs.
Introduction
Secondary hemophagocytic lymphohistiocytosis (HLH) is a hyper-inflammatory disorder that develops as a result of various infections and malignancies. The massive activation of macrophages and cytokine release are induced by uncontrolled infection and malignancies. The resultant immune dysregulation is believed to play a pivotal role in the pathogenesis of HLH (1) . The most common cause of secondary HLH is Epstein-Barr virus (EBV) infection. The incidence of EBV-associated HLH (EBV-HLH) is especially high in Asia (2) , which is explained by the high prevalence of EBV infection in Asian people and host immunogenetic factors. The clinical features of HLH include fever, hepatosplenomegaly, cytopenias, hyperferritinemia, elevated transaminases, high serum soluble interleukin-2 receptor (sIL-2R), and hemophagocytosis. The initial treatment for HLH is usually immunosuppressive therapy composed of corticosteroids with or without cyclosporine A (CsA) and etoposide (ETP) (3) . Allogeneic hematopoietic stem cell transplantation (HSCT) is the only curative treatment.
Antithymocyte globulin (ATG) is a polyclonal antibody drug that is used in immunosuppressive therapy of HLH (4) . ATG induces the lysis of T-cells and other target cells in a complement-dependent fashion and restores immune dysregulation, mainly through the depletion of T-cells (5, 6) . Similarly to other antibody drugs, infusion reactions are a frequent adverse effect of ATG. An infusion reaction is an infusion-related side effect that manifests as transient fever, tachycardia, and rash (7) . Although the pathogenesis of infusion reaction has not yet been well elucidated, previous reports have revealed that complement activation play a key role in infusion reactions (7) . We herein describe a case of EBV-HLH reactivation which was triggered by an infusion reaction in a patient who was treated with ATG. (Figure a) . The patient's anti-viral capsid antigen (VCA)-immunoglobulin G (IgG) titer was 1:40; there was no increase in the levels of VCA-IgM and EBV nucleoside antigen antibodies. The whole blood EBV-DNA load was 1,310 copies per μg DNA. Bone marrow aspiration revealed hemophagocytosis by activated macrophages. Based on these findings, he was diagnosed with EBV-HLH. A pathological examination of the bone marrow aspirate revealed the accumulation of CD3-positive atypical lymphocytes, which were found to be positive for EBV-RNA by in situ hybridization (EBER-ISH). The treatment of HLH was initiated with dexamethasone and CsA, which resulted in defervescence and the normalization of the platelet count and liver enzyme levels. The addition of weekly intravenous ETP was required due to the recurrence of HLH during the attenuation of dexamethasone and CsA. The patient finally underwent bone marrow transplantation from a matched unrelated donor following reduced-intensity conditioning (RIC) with fludarabine (30 mg/m 2 /day, day -6 to -2), melphalan (140 mg/m 2 , day -2), total body irradiation (4 Gy, day -1), and rabbit ATG (Thymoglobulin , 1.25 mg/kg/day, day -5, -4), as shown in Figure b . ATG was added to the RIC regimen with the aim of achieving T-cell depletion. Dexamethasone, CsA, and ETP were discontinued on days -11, -7, and -20, respectively. On day -5, premedication with methylprednisolone (1 mg/kg) was delivered prior to the initial ATG infusion; nevertheless, the patient developed high fever and tachycardia, which was consistent with a severe infusion reaction (grade 3 according to CTCAE version 4.0). The fever persisted through the following day, and laboratory analyses revealed an increase in the patient's aspartate aminotransferase (568 U/L) and ferritin (5,510 μg/L) levels. Bone marrow aspiration revealed marked hemophagocytosis, leading to the diagnosis of recurrent HLH. Pulse glucocorticoid therapy with methylprednisolone was initiated, which resulted in the clinical improvement of HLH. Bone marrow transplantation was performed as scheduled. Tacrolimus and short-term methotrexate were administered as prophylaxis against graft versus host disease (GVHD). On day 18, the patient developed grade 2 acute GVHD (skin, stage 0; liver, stage 1; gut, stage 1), which was successfully treated with methylprednisolone (2 mg/kg, daily). Simultaneous cytomegalovirus antigenemia was ameliorated with foscarnet (intravenous) from day 15 to 23. No other infections were recorded. Neutrophil engraftment with complete donor chimerism was achieved on day 22. On day 222, the patient's whole blood was negative for EBV-DNA. He has been relapse-free for 24 months since transplantation.
Discussion
This is the reported case of EBV-HLH reactivation immediately after the administration of ATG. Infusion reactionrelated symptoms are usually transient and disappear after the end of administration. In this case, however, the inflammatory symptoms persisted after the administration of ATG, despite the administration of an appropriate dosage of antiinflammatory drugs. The increase in the transaminase and ferritin levels on the following day suggested the recurrence of HLH. Bone marrow aspiration showed marked hemophagocytosis.
The mechanism of action of ATG is mainly dependent on T-cell depletion through complement-dependent cell lysis (5, 6) . Complement activation induces the release of various chemical mediators, and results in an infusion reaction (7) . Macrophage activation and the release of cytokines, which are strongly associated with the pathogenesis of HLH, are also mediated by complement activation (8) . Thus, the relationship between the infusion reaction and the recurrence of HLH may be partly explained by the induction of complement activation following the administration of ATG. In this case, it is possible that ATG exerts its effect through complement activation, and that complement activation not only yielded an infusion reaction but also resulted in the recurrence of HLH. Previous reports on the induction of HLH by rituximab and infliximab may support this notion because these drugs have the potential to cause infusion reactions (9, 10) .
It is also possible that the recurrence of HLH was induced by other causes. First, the recurrence of HLH might occur due to the discontinuation of combination therapy with DEX, CsA and ETP. However, there have been no reports on HLH reactivation shortly before transplantation under these circumstances. Furthermore, the patient had no symptoms and none of the patient's laboratory results suggested of the recurrence of HLH before the administration of ATG. Thus, a more reasonable explanation is that ATG triggered the recurrence of HLH. Second, the recurrence of HLH might be related to EBV reactivation because ATG is a well-known risk factor for viral reactivation (11) . The latency period in our case was too short to support this notion. ATG-related EBV reactivation has thus far only been reported after transplantation in patients with lymphoproliferative disorder, with a median latency period of 71 days. Third, other preconditioning drugs, such as fludarabine could have influenced the recurrence of HLH.
In this case, although HLH was controlled after pulse glucocorticoid therapy, it is possible that the conditioning regimen, which included fludarabine, melphalan, and total body irradiation, also suppressed the progression of HLH because these treatments may have immunosuppressive effects.
In conclusion, physicians should be aware of the possibility of the immediate reactivation of HLH in patients who are treated with ATG, especially when a severe infusion reaction is seen.
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